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Abstract 
The lack of availability of good quality seedlings for blueberry cultivation is an obstacle in the market, 
preventing the increase of production and cultivated areas. In order to improve rooting of blueberry in vitro, 
different concentrations of BIOBRAS 16® associated with indolbutyric acid in blueberry micropropagation were 
evaluated. For such a purpose, the Wood Plant Medium (WPM) culture medium plus the following plant 
regulators: 0.1, 0.3 and 0.5 mg L-1 brassinosteroids (BIOBRAS 16®) in conjunction with indolbutyric acid (IBA) 
concentrations of 1.3 and 5 mg L-1, with four replications were taken into account. At the end of 82 days of 
cultivation and development of the explants in these culture media, the following response variables were 
assessed: callus percentage (CP), callus diameter (CD), rooting percentage (RP), number of shoots (NS), number 
of leaves (NL), shoot length (SL), root length (RL) and fresh mass of shoots (FMS). CP was found to be 
stimulated in so far as concentrations of BIOBRAS 16® and IBA increased up to 0.5 mg L-1 and their diameter 
increased at concentrations of 3.0 and 5.0 mg L-1 for IBA. Thus, it is concluded that a combination of 0.3 mg L-1 
BIOBRAS 16® combined with IBA concentrations of 3.0 and 5.0 mg L-1 contributes to promote root growth and 
rises in leaf number and fresh mass of micro-propagated blueberry. The use of a 0.3 mg L-1 of BIOBRAS 16® 
associated with concentrations of 3.0 and 5.0 mg L-1 of IBA showed a high percentage of root formation in 
blueberry. 
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1. Introduction 

The commercial blueberry takes place especially in North America (USA and Canada), Europe (Poland and 
Germany) and countries located in the South Hemisphere (Chile, Argentina, Uruguay, and Australia). Its 
production is increasing yearly owing to popularization of its medicinal properties, such as number of 
antioxidants besides being largely utilized in cuisine and gastronomy (Schuch et al., 2007; Cantuarias-Avilés, 
2010; Cantuarias-Avilés et al., 2014; Baba et al., 2018; Kalt et al., 2019).  

The climate of Southern Brazil turns out to be favorable to blueberry production. Nevertheless, different types of 
soils and climates reported in conjunction with the difficulty of crop management, slow growth and lack of 
seedlings supply to the market come to being the main factors that scupper expansion of blueberry cultivation all 
over the country (Souza et al., 2011; Peña et al., 2012). 

Commercial production of blueberry has been made by means of rooting of stakes, once the germination rates of 
seeds is quite low (Pasqualini et al., 2016; Baba et al., 2018). However, such a method is conducive to 
disadvantages such as the need of a long period for seedling production along with the impossibility of assuring 
phytosanitary quality (Erig & Schuch, 2005). Another problem refers to difficulties of rooting, which has been 
reported in some cultivars in such a manner as to compromise propagation (Baba et al., 2018). In this particular 
case, micropropagation turns out to be advantageous because it provides high quality of plants with sanitary 
quality by demanding fewer plant materials. In order to galvanize in vitro rooting it is pivotal to add to tissue 
cultures growth regulators such as auxins acting in the formation of adventitious roots, activation of vascular 
cambium cells and plant growth (Kerbauy, 2008; Taiz & Zeiger, 2017). Among auxins, indolbutyric acid (IBA) is 
one of the most used because it deals with a phytohormone that possesses such a cell enlargement capacity with 
its action on cell growth triggered by growth stimulation of shoots and leaves.  
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Another phytohormone of a great importance comes to being brassinosteroid, whose presence is quite ample in 
plant kingdom with different analog compounds being synthetized for commercial usage (Cortes et al., 2003). 
Synthetic brassinosteroids, such as BIOBRAS 16®, are being tested and evaluated with regards to its efficacy in 
plant growth and development. The effects of brassinosteroids on growth and initial development of plants 
demonstrate a synergism trend with other phytohormones, mainly auxins (Hardtke et al., 2007).  

Plants respond to abiotic and biotic factors in the environment. These include heavy metals action, wounding, 
drought, high salt, and changes in temperature and light, and pathogen and pest attack. Abiotic stress leads to 
morphological, physiological, biochemical and molecular changes. Drought, salinity, extreme temperatures and 
oxidative stress are often interconnected, and may induce similar cellular damage. Brassinosteroids can act 
efficiently in plants as immunomodulators when applied at the appropriate concentration and at the correct stage of 
plant development. BRs are implicated in plant responses to abiotic environmental stresses and to undergo 
profound changes in plants interacting with bacterial, fungal and viral pathogens (Badrzej & Hayat, 2009). 

Souza et al. (2011) verified that micro-propagated blueberry plants evidenced a larger initial vegetative 
growth—a motive for tissues rejuvenation triggered by the micropropagation technique. Cüce et al. (2013), by 
making use of different concentrations of IBA, observed that smaller doses of auxin (0.5 mg L-1) induced in vitro 
rooting of blueberry. The aforementioned authors also came up with a more pronounced aerial part development 
whenever 1.0 mg L-1 of zeatin was utilized along with 0.1 mg L-1 of IBA in light of a bigger number of leaves 
and proliferation of multiple branches taking place in the tissue culture supplemented with 2.0 mg L-1 of zeatin 
plus 0.1 mg L-1 of IBA.  

Müssig et al. (2003), by testing different doses of 24-epicastasterose and 24-epibrassinolideo brassinosteroids 
applied in mutant Arabidopsis plants with deficiency of this hormone, drew the conclusion that low 
concentrations promote radicular elongation of such plants. Thus, the use of brassinosteroids might favor 
radicular development in such a way as to better its efficiency throughout the in vitro development process of the 
plants.  

In view of the aforementioned micropropagation problem, the aim of the current manuscript was to assess the 
effect of different concentrations of BIOBRAS 16® in conjunction with IBA on the in vitro rooting of blueberry. 

2. Material and Methods 
The experiment was carried out along with explants extracted from stem cuttings of blueberry (Vaccinium ashei 
Reade), comprising 1 to 2 buds with 1 to 1.5-cm length priorly grown in vitro for micropropagation.  

The culture tissue utilized herein was Wood Plant Medium (WPM) as preconized by Lloyd and McCown (1991) 
in the face of a supplementation with saccharoses (3%), myo-inositol (100 mg L-1), agar (6 g L-1) plus BIOBRAS 
16® (0.1; 0.3 and 0.5 mg L-1) and IBA (1.0; 3.0 and 5.0 mg L-1) in accordance with each treatment. The medium 
pH was regulated at 5.3 shortly before addition of agar, taking into account a further dose of 30 mL of such a 
medium in glassy containers for in vitro cultivation so that afterwards they could have been auto-clavated at 120 
oC for roughly 20 minutes.  

The containers were kept at a growth chamber with photoperiod featured by 16-hour light along with 8-hour dark, 
photons flux density of 27 µmol M-2 s-2 and air temperature of 25±2 ºC. After completion of 82 days of in vitro 
cultivation, the developed explants were assessed as to CP (%), CD (mm), RP (%), NS, NL, SL (mm), RL (mm) 
and FMS (g). For all variables scrutinized, their mean values from each replication were obtained and subjected 
to statistical analyses.  

In order to test statistical hypotheses, we adopted a completely randomized design in a double factorial scheme 
(3 × 3) with the first factor considered as concentrations of BIOBRAS ® (0.1; 0.3 and 0.5 mg L-1) and the second 
factor as concentrations of IBA (1.0; 3.0 and 5.0 mg L-1), having been employed for each single treatment four 
containers with 5 explants. Treatment averages were compared by means of Tukey test at a p ≤ 0.05. Analyses 
were performed by making use of AgroEstat Statistical Program (Barbosa & Maldonado Junior, 2015). 

3. Results and Discussion 
The mean values of CP, CD, RP, NS and SL are illustrated in Table 1. For the CP response variable, we came to 
the conclusion that at any BIOBRAS 16® concentration when in conjunction with concentrations of IBA 
corresponding to 3.0 and 5.0 mg L-1 there was a higher percentage of callus formation. Radmann et al. (2002), by 
testing indoleacetic acid (IAA) plus IBA aiming at in vitro rooting of M-9 apple rootstock, verified that high 
concentrations of such a phytohormone retard rooting itself and cause induction to occur throughout the callus 
formation at the basis of explants. Such outcomes corroborate those found for blueberry (Table 1), from which 
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treatments comprising 0.3 and 0.5 mg L-1 of Biobras ® combined with the highest IBA concentrations of either 
3.0 or 5.0 mg L-1 were conducive to the highest percentage of callus formation.  

In view of CD of blueberry (Table 1), the highest concentrations of IAA under scrutiny (3.0 and 5.0 mg L-1) 
irrespective of the BIOBRAS 16® concentrations (0.1, 0.3, and 0.5 mg L-1) were those ones which culminated in 
the highest CD values. Therefore, higher concentrations favored cellular division and also promoted formation of 
new cells. 

The RP of in vitro micro-propagated blueberry (Table 1) evidenced a beneficial responsiveness under treatments 
of 3.0 and 5.0 mg L-1 of AIA along with 0.1, 0.3, and 0.5 mg L-1 of BIOBRAS 16®. It is quite well expected that 
in so far as auxin concentration rises up to a favorable physiological threshold stimulus for development of 
radicular system will be taking place once such a phytohormone turns out to be conducive to formation of roots 
(Mihaljević & Salopek-Sondi, 2012; Taiz & Zeiger, 2017). This fact is evidenced as a function of resilience 
inherent to cells that preserve their capacity of dividing and in turn originating a radicular meristem in analogous 
manner with regards to formation of lateral roots (Smet et al., 2006; Kerbauy, 2008; Taiz & Zaiger, 2017). 
Capacity of rooting has a strong relationship with individual morphology of roots, as well as growth potential 
and architecture of radicular system (Baba et al., 2018).  

Sousa et al. (2017), by making use of IBA to stimulate in vitro rooting of Anacardium othonianum Rizz, 
observed that under a high concentration of IBA corresponding to 4 mg L-1 a conspicuous stimulus for root 
length was envisioned. Conversely, in the light of a low concentration of IAA (1.0 mg L-1) low RE values were 
found. In addition, under the influence of low concentrations of auxin, radicular system takes a long time to 
express any significant stimulus for development. Similar findings were reported by Santos et al. (2006) for 
micropropagation of Caryocar brasiliense.  

 

Table 1. Callus percentage (CP), callus diameter (CD), rooting percentage (RP), number of shoots (NS) and 
shoot length (SL) for micro-propagated blueberry subjected to distinct concentrations and combinations of IBA 
plus BIOBRAS 16® 

IBA (mg L-1) 
BIOBRAS 16® (mg L-1) 

0.1 0.3 0.5 

 ------------------------- Callus Percentage (CP) -------------------------- 
1.0 56 bB 81 bA 88 bA 
3.0 94 aB 100 aA 100 aA 
5.0 81 aB 94 aA 100 aA 

CV (%) 20.95 

 ----------------------- Callus Diameter (CD, mm) ----------------------- 
1.0 4.84 bA 5.06 bA 7.41 bA 
3.0 8.86 aA 8.19 aA 7.80 aA 
5.0 6.33 aA 8.58 aA 7.72 aA 

CV (%) 21.3 

 ------------------------ Rooting Percentage (RP) ------------------------- 
1.0 25 bB 66 bA 25 bB 
3.0 50 aB 81 aA 69 abAB 
5.0 69 aB 75 aA 81 aA 

CV (%) 20.5 

 ------------------------- Number of Shoots (NS) ------------------------- 
1.0 1.25 1.88 1.31 
3.0 1.00 1.13 1.00 
5.0 1.06 1.00 1.06 

CV (%) 37.63N.S. 

 ------------------------- Shoot Length (SL, mm) ------------------------- 
1.0 32.83 34.42 27.75 
3.0 35.88 49.00 42.88 
5.0 47.44 34.80 29.50 

CV (%) 30.57N.S. 

Note. Averages followed by the same small letters in the column, as well as capital letters in the line did not 
significantly differ among themselves by means of the Tukey test at 5% reliability level. N.S.: Non-significant.  
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The rooting of explants multiplied in vitro comes to being a pre-requisite for any micropropagation protocol; this 
is because it impinges directly upon acclimatization and installation of seedlings in the soil (Patti et al., 2006; 
Baba et al., 2018). Several factors govern rooting responsiveness, such as exogen and endogen factors like 
ethylene for instance (Ayub et al., 2017), mainly in consideration for inducing formation of roots in species that 
present difficulties for rooting (Hartmann et al., 2002; Assis & Teixeira, 1998).  

NS and SL of blueberry (Table 1) as a function of combinations of IAA and BIOBRAS 16® did not show any 
significant statistical differences under the influence of the treatments applied herein. This might be explained by 
the lack of cytokinin added to culture tissue, counting only on regulators involved in the radicular development 
process. In accordance with Lopes et al. (2012), benzylaminopurine (BAP) and kinetin (KIN) are the cytokinins 
that lead to best results concerning the proliferation of shootings (NS) in buds of Jatropha curcas L. The 
utilization of BAP galvanizes formation of aerial part of the plants; however, it might be quite conducive to 
distinct physiological responses as a function of the specie at issue, highlighting such an increment in formation 
process of aerial part of plants grown in vitro when it comes to Jatropha curcas L.  

It was possible to notice that RL of blueberry showed a positive responsiveness at IAA concentrations of 3.0 and 
5.0 mg L-1 as opposed to IAA concentration of 1.0 mg L-1, irrespective of the Biobras® concentration (Table 2). 
Auxin is a hormone supposedly prone to induce formation of roots, whose activity increases substantially as a 
function of rises in concentration of such a phytohormone up to a certain plateau. Once reached its maximum 
peak, an opposite physiological impact on rooting might be observed (Taiz & Zeiger, 2017). Although 
non-evidences dealing with increments in concentration of brassinosteroids meant to influence root length were 
reported, such a hormone plays a role in biological activity of aquaporins present in the plasmatic membrane, 
resulting in increases in permeability to water within the cells (Morillon et al., 2001); which might potentialize 
then the effect of auxin on enlargement of cells plus growth of plant tissues, including the roots. Parallelly, in the 
lieu of longer roots such an enlargement significantly contributes to promote an overall increase in root length 
(Baba et al., 2018).  

 

Table 2. Root length (RL), number of leaves (NL) and fresh mass (FM) of micro-propagated blueberry subjected 
to distinct concentrations and combinations of IBA and BIOBRAS 16® 

IBA (mg L-1) 
BIOBRAS 16® (mg L-1) 

0.1 0.3 0.5 

 ------------------------- Root Length (RL, mm) -------------------------- 

1.0 2.00 bA 3.12 bA 1.81 bB 

3.0 6.19 aA 7.00 aA 5.63 aA 

5.0 9.06 aA 11.25 aA 6.88 aB 

CV (%) 76.82 

 ------------------- Number of Leaves (NL) ------------------------ 

1.0 12.44 aA 12.75 aA 14.19 aA 

3.0 11.42 aA 11.84 aA 10.69 abA 

5.0 8.44 bA 8.31 bA 8.38 bA 

CV (%) 21.54 

 --------------------------- Fresh Mass (FM, g) ---------------------------- 

1.0 0.21 bA 0.16 bA 0.20 bA 

3.0 0.25 aA 0,28 aA 0.24 aA 

5.0 0.30 aA 0.22 abA 0.21 abA 

CV (%) 22.07 

Note. Averages followed by the same small letters in the column, as well as capital letters in the line did not 
significantly differ among themselves by means of the Tukey test at 5% reliability level. N.S.: Non-significant. 

 

By scrutinizing number of leaves (NL) of micro-propagated blueberry (Table 2), we detected that NL plummeted 
regardless of the IBA concentration adopted in so far as IBA concentration increased. It is quite expected that a 
detrimental impact on leaf area will be seen whenever IBA concentration increases (Taiz & Zeiger, 2017). 

As to fresh mass (FM) of micro-propagated of blueberry (Table 2), outcomes demonstrated that at the lowest 
concentration of BIOBRAS 16® (0.1 mg L-1) in conjunction with IBA concentrations of 3.0 and 5.0 mg L-1 led to 
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the highest FM. On the other hand, whenever 0.3 and 0.5 mg L-1 concentrations of BIOBRAS 16® plus a 3.0 mg 
L-1 concentration of IBA were achieved FM reached its peak.  

When it comes to micropropagation irrespective of the species under scrutiny, it is quite pivotal to take into 
consideration the formation of roots throughout the seedling’s establishment. The process of in vitro rooting per 
se is complex because it encompasses physiological, biochemical and biological factors that alter and intricately 
interact with one another under the interference of external factors (Meira, 1999: Baba et al., 2018), being also 
remarkably governed by genetic variability of the species along with cultivars (Schmildt et al., 2010). For 
blueberry in particular, it is possible to make use of IBA in association with BIOBRAS 16® aiming at induction 
of in vitro rooting (Tables 1 and 2). Nevertheless, it is opportune to stand out that a satisfactory root development 
in the face of micropropagation does not only depend on rooting percentage, but also on root number and quality 
of formed roots (George et al., 2008; Baba et al., 2018).  

The foliar application of Biobras-16 during the acclimatization of BRS Guaraçá seedlings multiplied via 
mini-cuttings produces significant positive effects on shoot and root growth; concentrations between 0.3 and 0.6 
mg L-1 enable the production of better-quality seedlings in less time in order to improve soil fertility and 
agronomic efficiency of nutrients (Arantes et al., 2020). 

The use of the brassinosteroids analogue stimulated a higher production of normal seedlings of Acrocomia 
aculeata but did not promote an increase in the germination rate. During the acclimatization phase, the 
application of arbuscular mycorrhizal fungi (AMF) integrated to rhizobacteria and brassinosteroid analogue was 
not effective on the plant aerial growth but favored a higher root system development (Borcioni, 2012).  

4. Conclusions 
The utilization of a 0.3 mg L-1 concentration of BIOBRAS 16® in conjunction with 3.0 and 5.0 mg L-1 
concentrations of IBA promoted the highest possible percentage of formation of roots for blueberry. Such a 
combination contributes to enhance growth of roots, number of leaves and fresh mass of micro-propagated 
blueberry.  

The outcomes obtained from laboratory assessments were not yet validated under field specific-sites. 
Nevertheless, further field experiments are supposed to be carried out in the near future so that transferability of 
our current findings might be applicable to multiple field sites in Southern Brazil.  
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